17. Nihtilä E, Martikainen P. Institutionalization of older adults after the death of a spouse. Am J Pub Health 2008; 98: 1228. 18. Nihtila E, Martikainen P. Why older people living with a spouse are less likely to be institutionalized: the role of socioeconomic factors and health characteristics. Scand J Public Health 2008; 36: 35-43. 19. Spitze G, Logan JR, Robinson J. Family structure and changes in living arrangements among elderly nonmarried parents. J Gerontol 1992; 47: S289-96. 20. Glaser K. Transitions to supported environments in England and Wales among elderly widowed and divorced women: the changing balance between co-residence with family and institutional care. J Women Aging 2003; 15: 107. 21. Freedman VA. Family structure and the risk of nursing home admission. J Gerontol B Psychol Sci Soc Sci 1996; 51: 61-9. 22. Breeze E, Sloggett A, Fletcher A. Socioeconomic and demographic predictors of mortality and institutional residence among middle aged and older people: results from the Longitudinal Study. J Epidemiol Community Health 1999; 53: 765-74. 23. Seematter-Bagnoud L. Healthcare utilization of elderly persons hospitalized after a noninjurious fall in a Swiss Abstract Background: standing on textured surfaces or wearing textured shoe insoles can alter balance performance. This evidence, although inconclusive, offers a potential intervention for improving balance in older adults. This study explored the effect of standing on textured surfaces on double-limb balance in older adults and changes in muscle activity as a possible mechanism of effect. Methods: 50 healthy older adults (29 female, age mean [1SD] 75.1 [5.0]) stood quietly in six conditions-eyes open and closed on two different textured surfaces and a smooth surface control. Mediolateral sway, anterior-posterior sway and centre of pressure velocity were extracted from a force platform and lower limb muscle activity collected using surface electromyography (EMG) over 30 s. Results: for mediolateral range with eyes closed, there was a statistically significant effect of texture (F [2, 47] = 3.840, P = 0.033). This was attributed to a 9.2% decrease with Texture 1 compared with Control. No such effects were seen in any other balance variable or lower limb EMG activity for either visual condition. Conclusion: the results suggest an effect of standing on textured surfaces on mediolateral sway in older adults, supporting further work to develop the therapeutic benefits of textured surfaces as an intervention to improve balance.
Introduction
Some people experience a deterioration in balance performance with increasing age, heightening their risk of falling [1] . Mediolateral (ML) balance may be particularly affected [2] [3] [4] [5] . Evidence that textured floor surfaces [6] and textured shoe insoles [7, 8] can improve static and dynamic balance in healthy young adults points to their potential to improve balance in older people. However, to date only one study has focused on older people, concluding that standing balance improved after wearing textured shoe insoles for 5 min [7] . A textured surface, whether used as a footwear intervention or floor covering, may have the capacity to ameliorate age-related declines in balance by adding sensory input at the feet [7] . Changes in touch sensation and proprioception at the foot are commonly associated with poor function and risk of falling in older adults [9, 10] .
Putative mechanisms for the effects of texture on balance include changes in muscle activity [11, 12] . Wearing textured shoe insoles has been shown to significantly reduce mean electromyography (EMG) activity in tibialis anterior and soleus in healthy young adults [11] and increase gastrocnemius activity in adults with multiple sclerosis [12] during walking. It is unknown whether texture affects lower limb muscle activity in older adults during standing balance.
An early investigation compared different textured surfaces and showed that an important factor in affecting balance was the density of the protrusions that comprised the texture [6] . However, subsequent studies have explored the effect of only one design of textured intervention compared with control [7, 8, 11, 12] and the importance of texture type remains very much unexplored.
The aims of this study were to explore: (i) the effect of textured surfaces on standing double-limb balance in older people; (ii) the importance of texture type and (iii) the effect of texture on lower limb muscle activity during standing double-limb balance. In this study double-limb balance describes the dynamics of body posture, which occur in response to inertial forces acting on the body, in order to achieve equilibrium between the body and the surrounding environment and prevent falling, when standing on two feet.
Methods

Participants
Independently mobile older men and women aged >70 years were recruited in response to advertising, presentations to community groups and personal contact. Exclusion criteria were self-reported neuromuscular disease, stroke, peripheral sensory neuropathy, inner ear problems or inability to walk 10 m unassisted; and a score of <27 on the Mini-Mental State Examination (MMSE) [13] [14] [15] and inability to feel a monofilament at ≥4 sites on each foot [16] . All participants gave written, informed consent. 
Materials
Two different textured surfaces, and one smooth surface as control, were used (Algeos UK Ltd., Liverpool, UK) ( Figure 1 ). Texture 1 (Evalite Pyramid EVA, 3 mm thickness, shore value A50, black, OG1549) and Texture 2 (nora ® Lunasoft Mini Non Slip, 3 mm thickness, shore value A50, black, OG2250) were selected from a range of EVA soling materials [17, 18] . Texture 1 had small, pyramidal peaks with centre-to-centre distances of approximately 2.5 mm. Texture 2 had convex circular patterning with centre-to-centre distances of approximately 5 mm. The Control surface (Medium Density EVA, 3 mm thickness, shore value A50, black, OG1304) had a completely flat surface with no indentations. These surfaces were 428 mm × 630 mm × 3 mm, in order to cover the top surface of a force platform.
Double-limb balance
Data were obtained from one Kistler force platform (Model 9286AA, Kistler, Alton, UK), and sampled at a rate of 1,000 Hz.
Electromyography EMG recordings were collected using a 16-channel Biopac system (Model MP100), using bipolar active surface electrodes (Type TSD 150B, 11.4 mm diameter, electrode spacing 20 mm), with 3 dB 12-500 Hz bandpass and ×350 built-in amplification, and sampled at 1,000 Hz. After cleaning and shaving the skin, EMG recordings were collected from standardised sites on five muscles: rectus femoris, vastus lateralis, biceps femoris, tibialis anterior and medial gastrocnemius. The dominant leg ('with which leg would you kick a football?') was used for testing [19, 20] and a ground reference electrode (Blue Sensor ® ) was placed at the tibial tuberosity on the non-dominant lower limb.
Procedures
Each participant had a practice trial on the control surface, standing quietly with eyes open for 30 s to ensure familiarity with the procedures. Then, the participant conducted one trial [21, 22] for each of the three different surfaces with eyes open and one trial for each surface with eyes closed-a total of six trials. (One trial per condition was used because of the potential onset of fatigue.) The sequence of trials was fully randomised using number cards selected from opaque envelopes by the participant. To begin each trial the participant stood up from a chair. Once the participant's trunk and lower limbs were vertical, the investigator pressed a trigger which started data collection simultaneously from the Kistler force platform and EMG system, for 30 s. Between each trial, participants rested for 2 min to avoid fatigue and habituation to the sensory stimulus, and to allow re-calibration of the force platform. All data collection was carried out by the same investigator (ALH). Neither the investigator nor the participants were blind to the condition being tested.
Data extraction and analysis
ML and AP variables were calculated automatically by the force platform for 30 s in each trial, using the Bioware software package. CoP velocity was calculated using previous methods [2] , after low-pass filtering of the raw data at 10 Hz. The first 10 s of sway data may be highly variable due to stabilisation of participants [23] or the force platform [2] , so were discarded from the analysis [2, 18] . EMG data were processed using dedicated AcqKnowledge software (Version 3.7.3, BIOPAC Systems, Inc., Santa Barbara, CA, USA). After processing with a 20 Hz high-pass filter and a root mean square moving window of 30 ms, the average rectified value EMG was extracted for each muscle.
Statistical analysis
Data were analysed with SPSS (Chicago, IL, USA) version 13.0. For each variable, a repeated measures analysis of variance (ANOVA) was conducted to determine effects of texture. Separate ANOVAs were carried out for the conditions of eyes open and eyes closed. Alpha was 0.05. Where the assumption of sphericity was violated, a Greenhouse-Geisser correction was applied. Comparisons between each pair of textured conditions were obtained from the main ANOVAs.
Results
Fifty participants (29 women) were recruited with a mean (1SD) age 75.1 (5.0) years; height 164.0 (7.9) cm; weight 72.2 (10.9) kg; BMI 26.9 (4.0) kg/m 2 ; MMSE 28.7 (0.9). All participants completed the study. Tables 1 and 2 show the results with eyes closed and open, respectively. There was a statistically significant effect of texture for ML range with eyes closed (F [2, 47] = 3.840, P = 0.033). The paired comparison between Control and Texture 1 showed a significant reduction in ML range of 9.2% by Texture 1. There were no statistically significant effects of texture for ML SD, AP sway, or CoP velocity. There were no statistically significant effects of texture for any of the variables with eyes open. Inspection of the 95% CIs for differences between pairs of textured conditions supports that. All contain zero well within the interval.
Postural sway
Electromyography
Tables in, Supplementary data available in Age and Ageing online, Appendixes 1 and 2 show the results for EMG activity with eyes open and eyes closed. There were no statistically significant effects of texture on muscle activity for any of the conditions.
Discussion
This study provides evidence that textured surfaces can improve ML sway in older people. A statistically significant The effect on ML sway is important because that direction of sway has been shown to increase with age more than AP [2] , be greater in fallers than age-matched non-fallers [3] and be a strong predictor of recurrent [4] and future [5] falls. An improvement in ML sway in older people was also reported using textured insoles that were contoured to the feet [7] . In contrast, with our findings those improvements were only seen after wearing the textured insoles for 5 min and there were no significant initial (during the first 32 s) effects. Unlike Palluel et al. [7] we chose to discard the first 10 s of data, which are suggested to be less stable than subsequent data [23] , to guard against excess variance in the data that could mask any effect of the textured surfaces after this initial period.
Whereas our significant findings were confined to ML sway, Palluel et al. [7] also observed AP changes and changes in CoP area (combining ML and AP data). Palluel et al. [7] used textured insoles comprising indentations of varying density and height which meant the surfaces were probably in fuller contact with a greater surface of the sole of the foot than ours. This is of note because it has been suggested that total and even stimulation of the sole is important for stimulation of mechanoreceptors by textured surfaces [6] . Also, Meyer et al. [24] reported that experimental reduction in sensation of the sole of the forefoot resulted in poorer ML balance, whereas anaesthesia of the whole sole caused poorer AP balance. This finding of selective effects on the direction of sway dependent on the area of anaesthesia may translate into selective effects on the direction of sway dependent on the area of added sensory stimulation: as neither study measured the degree of contact with the sole such ideas are hypothetical.
The finding of effects with Texture 1 but not Texture 2 agrees with the findings of Watanabe and Okubo [6] that the type of texture can be important although the textures in that study were quite different to those in ours. The physical characteristics of indenting protrusions, including shape, thickness, density, spacing or contouring effects, may have implications on the degree of deformation of the plantar skin and thus stimulation of mechanoreceptors.
There were no statistically significant effects of texture with eyes open. It is possible that balance was [8] .
The lack of effects on muscle activity suggests that this was not involved in the change in ML sway seen with Texture 1. However, changes in EMG activity may have occurred in other muscles that are involved in ML balance control, but not investigated in this study, such as the lumbricals, interossei, peroneal or gluteal muscles. We limited the number of muscles to prevent lengthy testing that may have been tiring and made our choice based on muscles we had investigated in similar work [17] .
There are limitations to the current study. We investigated the effect of textured surfaces rather than shoe insoles. This was to prevent confounding effects of footwear including shoe construction, heel height, insole contouring and fastening mechanisms. The effect of textured surfaces on balance performance was assessed during double-limb quiet standing. This is a substantial test for determining the effects of sensory manipulation on balance [2, 8, 25] and provides justification for further work using more complex tests of balance. Only one trial was conducted per condition due to the potential onset of fatigue with more extensive test procedures. Although conducting more trials per condition may have reduced measurement error or noise, we did not want to risk fatigue as a confounder or distress participants. Our study sampled from a population of healthy older adults and care should be taken in generalising outwith that to populations that were excluded-specifically, older people with peripheral sensory problems, balance impairments or other falls risk factors.
